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ABSTRACT: Camellia sinensis (L.) O. Kuntze forma formosensis Kitamura is generally referred to as 
the tea plant growing naturally in mid-elevation mountains of Taiwan. Several taxonomic treatments 
have been published for this plant in the past, but some contradictory results have been obtained. To 
assess the taxonomic position of the wild tea plant and explore its relationship with two other closely 
related taxa, C. sinensis var. sinensis and C. sinensis var. assamica, 16 vegetative and 11 floral 
characters were examined on 165 OTUs. The data were analyzed using cluster analysis and nonlinear 
principal components analysis. All cluster phenograms consistently separated the native wild tea plant 
from two other related taxa. Conversely, pronounced admixture between C. sinensis var. sinensis and C. 
sinensis var. assamica was present. The nonlinear principal components analysis indicated that the 
surface features of buds and ovaries are two diagnostic characters. Based on the present study, it is 
proposed that the Taiwan native wild tea plant might deserve recognition as a distinct species. 

KEY WORDS: Camellia sinensis forma formosensis. Native wild tea plant, Taiwan, Numerical 
taxonomy. 


INTRODUCTION 

The native wild tea plant. Camellia sinensis (L.) 
O. Kuntze forma formosensis Kitamura, is generally 
referred to the tea plant growing naturally in the 
broad-leaved forests at mid-elevations of the Central 
Mountain Range (CMR) of Taiwan (Wu et al., 1970; 
Lai et ah, 2001). According to collection data from 
herbaria, it is widely distributed at elevations from 
900 to 1800 m in the central, southern and eastern 
regions of Taiwan, including Nantou, Chiayi, 
Kaohsiung, Pingtung and Taitung County (Fig. 1). 
The native wild tea plant in Taiwan was first 
described in 1717 during the Ching Dynasty. In 1724 
a political officer, Su-Jien Huang, mentioned it again 
in his report to Taiwan. Therefore the native wild tea 
plant has been known to exist in Taiwan for nearly 
300 years. 

Tea is one of the most popular beverages in the 
world. Taxonomically, economic tea plants belong to 
the genus Camellia of family Theaceae. There are 
two main varieties of tea plants: C. sinensis var. 
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sinensis and C. sinensis var. assamica (Masters) 
Kitamura (Kitamura, 1950; Sealy, 1958; Ming, 
2000). The former is usually processed for green teas 
(un/hemi-fermented teas), while the latter is for black 
teas (fully fermented teas). In Taiwan, tea plants are 
also important crops and have been cultivated for 
over 200 years. Nevertheless, the cultivated tea plants 
(C. sinensis var. sinensis and C. sinensis var. 
assamica ) were imported, and have nothing to do 
with that native wild tea plant (Hasimoto, 1967; Lai 
et ah, 2001). During the Japanese Colonized Period, 
the government sought to popularize and encourage 
the cultivation of the native wild tea plants, but for 
some reasons it had never been done (Shih, 1995). As 
a result of the 50-year-long effort, a new cultivar of 
black tea, “TTES No. 18” or "Red Jade", was finally 
released by the Tea Research and Extension Station 
and extended to the farmers in 1999. The “TTES No. 
18” is just an artificial hybrid between C. sinensis 
var. assamica (maternal) and C. sinensis f. 
formosensis (paternal). This tea smells like natural 
cinnamon and fresh mint and is quite popular among 
consumers. 

Ancient people in the Mt. Alishan area of central 
Taiwan called the native wild tea plant "Shuen-Cha" 
which means teas from celestial beings. The folk 
name is still used today by their descendants. In 
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Fig. 1. Distribution map of C. sinensis f. formosensis based on 
authors' samples and materials from TAI, TAIF and PPI herbaria. 1: 
Nantou County. 2: Yunlin County. 3: Chiayi County. 4: Kaohsiung 
County. 5: Pingtung County. 6: Taitung County. 

several reports on tea improvements, the native wild 
tea plant was named as 'San-Cha' (means teas from 
mountains) to be distinguished from the imported tea 
plants (Shih, 1995; Li and Chang, 2003). 

Botanical nomenclatures of the native wild tea 
plant are somewhat complicated. Here we try to 
clarify it in brief. For its affinity to C. sinefisis var. 
assamica, Masamune and Suzuki proposed Thea 
assamica Masters var. formosensis Masamune et 
Suzuki for the first time (Masamune, 1936). 
However, Masamune didn't publish the name validly, 
because there was no description provided. The 
correct name first published for this plant should be 
Thea formosensis Masamune et Suzuki (Suzuki, 
1937). Later, this taxon was transferred as a forma 
under C. sinensis (Kitamura, 1950) and named as C. 
sinensis f. formosensis. In the following four decades, 
however, this name has been consistently neglected 
in all studies concerning the taxonomy of Camellia 
(Keng, 1950; Liu and Lu, 1967; Li, 1976; Ying, 
1995) until the publication of Flora of Taiwan, 
second edition, in which Hsieh et al. (1996) followed 
Kitamura's treatment. Ming (2000) also mentioned 


the same name, but he treated it as a synonym of C. 
sinensis. Although Suzuki (1937) had pointed that 
native wild tea plant was "Thea assamica affmis, sed 
foliis glabris" and Kitamura (1950) described that the 
forma was unique by 'Foliis majoribus angustioribus 
atroviridibus crassioribus', taxonomic uncertainties 
of this wild tea plant still remain. There had been 
several attempts to study C. sinensis f. formosensis 
based on numerical methods (Wu et al., 1970, 1972; 
Shih et al., 1972; Hu, 2004), however, all these 
studies aimed at exploring the variation among 
populations of C. sinensis f. formosensis, rather than 
solving the fundamental taxonomic problems. 

In the present study, the morphological variation 
among C. sinensis f. formosensis and its two related 
taxa, C. sinensis var. sinensis and C. sinensis var. 
assamica is summarized by applying multivariate 
numerical approaches. The aim is to detect 
infraspecific boundaries, to identify reliable 
distinguishing characters. A sound knowledge of 
taxonomy is a prerequisite for the success of any 
germplasm conservation program of the wild tea 
plant of Taiwan. 

MATERIALS AND METHODS 
Materials 

In total, 165 specimens were selected for 
morphological study (Table 1). Sources of the 
specimens used in this investigation were deposited in 
the Herbarium of National Taiwan University (TAI), 
Herbarium of Taiwan Forest Research Institute 
(TAIF), Prof. Tzen-Yuh Chiang's Laboratory at the 
National Cheng Kung University (NCKU), and 
supplemented by the authors' own collection. 
Scientific names given on the specimen labels and 
annotated labels were tentatively used. Among 165 
specimens, 72 were identified as C. sinensis var. 
sinensis, 41 as C. sinensis var. assamica and 52 as C. 
sinensis f. formosensis . Materials of C. sinensis f. 
formosensis were collected from all natural habitats 
we have known so far. Both C. sinensis var. sinensis 
and C. sinensis var. assamica are not native to Taiwan. 
In order to explore the variation of the two closely 
related taxa, several collections from China were 
made. Meanwhile, specimens from the Tea Research 
and Extension Station, which represented tea plants 
from India, Sri Lanka, Thailand and China, were 
included. 

Character measurement 

In this study, each collection was designated as an 
operational taxonomic unit (OTU). Specimen 
duplicates were treated as one OTU. Characters were 
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Table 1. List of voucher specimens included in the present study. Codes are comprised of an abbreviated scientific name, followed by a dash, 
and then the collection site with a serial number. Codes with an asterisk are the specimens collected from the germplasm banks of the Tea 
Research and Extension Station. TAI: Herbarium of National Taiwan University; TAIF: Herbarium of Taiwan Forest Research Institute; NCKU: 
Prof. Tzen-Yuh Chiang’s Laboratory at National Cheng Kung University. 


Name 

Collector with collection 
number 

Site 

Date 

Herbarium 

Code 

var. assamica 

M. H. Su 669 

Taiwan, Taipei Co. (Burma type) 

2005/10/6 

Authors 

A-BU1* 


K. S. Wang 5007 

China, Yunan Prov. Elv. 1781m 

2004/12/1 

NCKU 

A-CN1 


K. S. Wang 5010 

China, Yunan Prov. Elv. 970m 

2004/12/1 

NCKU 

A-CN2 


K. S. Wang 5016 

China, Yunan Prov. 

2004/12/1 

NCKU 

A-CN3 


K. S. Wang 5017 

China, Yunan Prov. 

2004/12/1 

NCKU 

A-CN4 


K. S. Wang 5019 

China, Yunan Prov. 

2004/12/1 

NCKU 

A-CN5 


K. S. Wang 5021 

China, Yunan Prov. 

2004/12/2 

NCKU 

A-CN6 


K. S. Wang 5024 

China, Yunan Prov. 

2004/12/2 

NCKU 

A-CN7 


K. S. Wang 5026 

China, Yunan Prov. 

2004/12/2 

NCKU 

A-CN8 


K. S. Wang 5033 

China, Yunan Prov. 

2004/12/2 

NCKU 

A-CN9 


K. S. Wang 5034 

China, Yunan Prov. Elv. 1200m. 

2004/12/3 

NCKU 

A-CN10 


K. S. Wang 5035 

China, Yunan Prov. Elv. 1200m. 

2004/12/3 

NCKU 

A-CN11 


K. S. Wang 5036 

China, Yunan Prov. Elv. 1200m. 

2004/12/3 

NCKU 

A-CN12 


K. S. Wang 5041 

China, Yunan Prov. Elv. 1900m. 

2004/12/3 

NCKU 

A-CN13 


K. S. Wang 5042 

China, Yunan Prov. Elv. 1900m. 

2004/12/3 

NCKU 

A-CN14 


K. S. Wang 5052 

China, Yunan Prov. Elv. 1950m. 

2004/12/4 

NCKU 

A-CN15 


K. S. Wang 5053 

China, Yunan Prov. 

2004/12/4 

NCKU 

A-CN16 


K. S. Wang 5054 

China, Yunan Prov. Elv. 1470m. 

2004/12/4 

NCKU 

A-CN17 


K. S. Wang 5058 

China, Yunan Prov. Elv. 1300m. 

2004/12/4 

NCKU 

A-CN18 


K. S. Wang 5066 

China, Yunan Prov. Elv. 1020m. 

2004/12/4 

NCKU 

A-CN19 


K. S. Wang 5072 

China, Yunan Prov. Elv. 1400m. 

2004/12/5 

NCKU 

A-CN20 


K. S. Wang 5076 

China, Yunan Prov. Elv. 1380m. 

2004/12/5 

NCKU 

A-CN21 


K. S. Wang 5079 

China, Yunan Prov. Elv. 1000m. 

2004/12/5 

NCKU 

A-CN22 


K. S. Wang 5084 

China, Yunan Prov. Elv. 900m. 

2004/12/5 

NCKU 

A-CN23 


K. S. Wang 5091 

China, Yunan Prov. Elv. 900m. 

2004/12/5 

NCKU 

A-CN24 


M. H. Su 670 

Taiwan, Taipei Co. (Assam type) 

2005/10/6 

Authors 

A-IN1* 


M. H. Su 667 

Taiwan, Taipei Co. (Manipur type) 

2005/10/6 

Authors 

A-IN2* 


M. H. Su 685 

Taiwan, Nantou Co. (Sri Lanka type) 

2005/11/15 

Authors 

A-SR1* 


M. H. Su 610 

Taiwan, Nantou Co. Elv. 1000m. 

2005/2/1 

Authors 

A-NT1 


M. H. Su 609 

Taiwan, Nantou Co. Elv. 1000m. 

2005/2/1 

Authors 

A-NT2 


M. H. Su 608 

Taiwan, Nantou Co. Elv. 1000m. 

2005/2/1 

Authors 

A-NT3 


M. T. Kao .s. n. 

Taiwan, Nantou Co. 

1955/2/12 

TAI 

A-NT4 


S. Hibino & S. Suzuki s. n. 

Taiwan, Nantou Co. 

1926/7/17 

TAI 

A-NT5 


H. Keng, T. S. Liu & M. T. 
Kao s. n. 

Taiwan, Nantou Co. 

1955/7/20 

TAI 

A-NT6 


S. Y. Lu 18521 

Taiwan, Nantou Co. Elv. 400m. 

1986/3/2 

TAIF 

A-NT7 


S. Y. Lu 18291 

Taiwan, Nantou Co. Elv. 700m. 

1986/2/7 

TAIF 

A-NT8 


T. S. Liu & H. Keng 2853 

Taiwan, Taitung Co. 

1955/8/10 

TAI 

A-TT1 


Y.Y.-K.K. .s. n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

A-TY1 


Y.Y.-K.K. . 9 . n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

A-TY2 


Y.Y.-K.K. . 9 . n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

A-TY3 


M. H. Su 684 

Taiwan, Taipei Co. (Thailand type) 

2005/11/15 

Authors 

A-TH1* 

var. sinensis 

C. H. Tsou 2117 

China, Fujian Prov. Elv. 500-1200m. 

2004/5/12 

Authors 

S-CN1 


C. H. Tsouetal. 1957 

China, Guangdong Prov. 

2004/8/6 

Authors 

S-CN2 


M. S. An 3357 

China, Guizhou Prov. Elv. 920m. 

2003/5/26 

TAIF 

S-CN3 


K. F. Wang 1-0560 

China, Guizhou Prov. Elv. 650m. 

2003/7/15 

TAIF 

S-CN4 


J. H. Hu 282 

China, Hunan Prov. Elv. 500m. 

2001/8/19 

TAIF 

S-CN5 


J. H. Hu 242 

China, Hunan Prov. Elv. 880m. 

2002/6/2 

TAIF 

S-CN6 


T. M. Taing 00748 

China, Jiangxi Prov. 180m. 

2000/10/22 

TAIF 

S-CN7 


Z. Chen 09769 

China, Sichuan Prov. Elv. 810m 

1996/10/5 

TAIF 

S-CN8 


T. Makino . 9 . n. 

Japan, Tokyo City. 

1910/10 

TAIF 

S-JP1 


M. H. Su 640 

Taiwan, Chiayi Co. Elv. 1100m. 

2005/9/12 

Authors 

S-CY1 


M. H. Su 644 

Taiwan, Chiayi Co. Elv. 800m. 

2005/9/13 

Authors 

S-CY2 


M. H. Su 95 

Taiwan, Hsinchu Co. 

2003/5/8 

Authors 

S-HC1 


Y. Shimada . 9 . n. 

Taiwan, Hsinchu Co. 

1913/11/15 

TAIF 

S-HC2 


A. T. Hsieh s. n. 

Taiwan, Miaoli Co. 

1929/12/14 

TAIF 

S-ML1 


S. W. Chung 7520 

Taiwan, Nantou Co. Elv. 700-800m. 

2004/6/10 

TAIF 

S-NT1 


S. P. Chien s. n. 

Taiwan, Taipei City 

1984/6/18 

TAI 

S-TP1 


C. S. Kuoh 2952 

Taiwan, Taipei City 

1971/11/23 

TAI 

S-TP2 


C. M. Kuo 5457 

Taiwan, Taipei City 

1974/7/6 

TAI 

S-TP3 
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Table 1. Continued. 


Name 

Collector with collection 
number 

Site 

Date 

Herbarium 

Code 

var. sinensis 

H. Simizu 418 

Taiwan, Taipei City 

1934/12/15 

TAI 

S-TP4 


Y. Yamamoto s. n. 

Taiwan, Taipei City 

1930/11/29-30 

TAI 

S-TP5 


C. M. Kuo 9279 

Taiwan, Taipei City 

1978/1/2 

TAI 

S-TP6 


S. Suzuki s. n. 

Taiwan, Taipei City 

1931/8/2 

TAI 

S-TP7 


G. Masamune 1534 

Taiwan, Taipei City 

1931/11/24 

TAI 

S-TP8 


S. Sasaki s. n. 

Taiwan, Taipei City 

1922/10/15 

TAI 

S-TP9 


S. Suzuki s. n. 

Taiwan, Taipei City 

1932/12/18 

TAI 

S-TP10 


S. Suzuki s. n. 

Taiwan, Taipei City 

1929/11/30 

TAI 

S-TP11 


S. Sasaki s. n. 

Taiwan, Taipei City 

1916/5 

TAI 

S-TP12 


S. Sasaki s. n. 

Taiwan, Taipei City 

1925/12/9 

TAI 

S-TP13 


K. C. Yang 1162 

Taiwan, Taipei City 

1982/11/28 

TAI 

S-TP14 


C. C. Chou 41 

Taiwan, Taipei City. 

1984/6/18 

TAI 

S-TP15 


Y. Yamamoto s. n. 

Taiwan, Taipei City. 

1938/2/27 

TAI 

S-TP16 


N. Y. Gu s. n. 

Taiwan, Taipei City. 

1936/10/28 

TAI 

S-TP17 


B. L. Shie s. n. 

Taiwan, Taipei City. Elv. 850m. 

1985/7/16 

TAIF 

S-TP18 


H. L. Chiang 423 

Taiwan, Taipei City. 

1997/6/15 

TAIF 

S-TP19 


S. Sasaki s. n. 

Taiwan, Taipei City. 

1923/2 

TAIF 

S-TP20 


S. Sasaki s. n. 

Taiwan, Taipei City. 

1927/10 

TAIF 

S-TP21 


K. C. Yang et al. 5265 

Taiwan, Taipei City. 

1996/12/31 

TAIF 

S-TP22 


S. Y. Lu 3335 

Taiwan, Taipei City. Elv. 600m. 

1975/11/19 

TAIF 

S-TP23 


M. H. Su 197 

Taiwan, Taipei Co. Elv. 500m. 

2003/5/13 

Authors 

S-TP24 


C. C. Hsu 5211 

Taiwan, Taipei Co. 

1968/12/27 

TAI 

S-TP25 


S.F. Huang K188 

Taiwan, Taipei Co. 

1987/7/31 

TAI 

S-TP26 


W. S. Tang s. n. 

Taiwan, Taipei Co. 

1984/12/1 

TAI 

S-TP27 


S.Suzuki s. n. 

Taiwan, Taipei Co. 

1924/11/2 

TAI 

S-TP28 


C. M. Kuo 6689A 

Taiwan, Taipei Co. 

1978/8/29 

TAI 

S-TP29 


T. C. Huang 9756 

Taiwan, Taipei Co. 

1982/8/1 

TAI 

S-TP30 


S. Suzuki s. n. 

Taiwan, Taipei Co. 

1923/10/21 

TAI 

S-TP31 


T. C. Huang, T. I. Yang & K. 

C. Yang 1737 

Taiwan, Taipei Co. 

1985/10/18 

TAI 

S-TP32 


C. M. Kuo 5549 

Taiwan, Taipei Co. 

1974/7/28 

TAI 

S-TP33 


T. C. Huang & K. C. Yang 
1924 

Taiwan, Taipei Co. 

1985/11/22 

TAI 

S-TP34 


J. H. Lii 236 

Taiwan, Taipei Co. Elv. 200-400m. 

2000/8/31 

TAIF 

S-TP35 


S. Y. Lu 12906 

Taiwan, Taipei Co. 

1983/9/15 

TAIF 

S-TP36 


H. M. H. Chang 

Taiwan, Taipei Co. Elv. 400m. 

1999/10/12 

TAIF 

S-TP37 


H. L. Chiang 218 

Taiwan, Taipei Co. Elv. 500m. 

1996/10/6 

TAIF 

S-TP38 


W. F. Ho 314 

Taiwan, Taipei Co. 

1996/6/13 

TAIF 

S-TP39 


Y. H. Chang 4810 

Taiwan, Taipei Co. Elv. 200-500m. 

2001/10/11 

TAIF 

S-TP40 


S. C. Wu et al. s. n. 

Taiwan, Taipei Co. Elv. 350-500m. 

1996/8/22 

TAIF 

S-TP41 


W. F. Ho 

Taiwan, Taipei Co. 

1997/6/6 

TAIF 

S-TP42 


C. M. Chen s. n. 

Taiwan, Taipei Co. 

2002/9/23 

TAIF 

S-TP43 


Y. H. Chang 4865 

Taiwan, Taipei Co. 

2001/10/18 

TAIF 

S-TP44 


W. F. Ho 126 

Taiwan, Taipei Co. 

1996/5/16 

TAIF 

S-TP45 


M. F. Loa & K. C. Yang 80 

Taiwan, Taipei Co. Elv. 180-200m. 

1996/10/5 

TAIF 

S-TP46 


Y.Y.-K.K. 5. n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

S-TY1 


Y.Y.-K.K. 5. n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

S-TY2 


Y.Y.-K.K. 5. n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

S-TY3 


Y.Y.-K.K. 5. n. 

Taiwan, Taoyuan Co. 

1937/3/2 

TAI 

S-TY4 


Y. Shimada s. n. 

Taiwan, Taoyuan Co. 

1913/11/20 

TAIF 

S-TY5 


Y. Shimada s. n. 

Taiwan, Taoyuan Co. 

1913/11/20 

TAIF 

S-TY6 


Y. Shimada s. n. 

Taiwan, Taoyuan Co. 

1913/11/20 

TAIF 

S-TY7 


Y. Shimada s. n. 

Taiwan, Taoyuan Co. 

1913/11/20 

TAIF 

S-TY8 


Y. Shimada s. n. 

Taiwan, Taoyuan Co. 

1913/11/20 

TAIF 

S-TY9 


Y. Shimada s. n. 

Taiwan, Taoyuan Co. 

1913/11/15 

TAIF 

S-TY10 


Unknown (TAIF no. 31474) 

Unknown 

Unknown 

TAIF 

S-NN1 

f. formosensis 

M. H. Su 642 

Taiwan, Chiayi Co. Elv. 1300m. 

2005/9/12 

Authors 

F-CY1 


C. I. Hu s. n. 

Taiwan, Chiayi Co. 

2004/6 

Authors 

F-CY2* 


H. Yamada s. n. 

Taiwan, Chiayi Co. 

- 

TAIF 

F-CY3 


Tang et al. 606 

Taiwan, Kaohsiung Co. Elv. 1800m. 

2005/1/2 

Authors 

F-KH1 


C. I. Hu s. n. 

Taiwan, Kaohsiung Co. 

2004/6 

Authors 

F-KH2* 


C. C. Chuang & M. T. Kao 
3369 

Taiwan, Kaohsiung Co. Elv. 1350m. 

1965/2/8 

TAI 

F-KH3 
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Table 1. Continued. 


Name 


Collector with collection 
number 


Site 


Date 


Herbarium 


Code 


Taiwan, Kaohsiung Co. 


f. fiormosensis T. Kiang & M. T. Kao 
KT439 

M. T. Kao 7448 
T. C. Huang 4952 

A. Tanimura s. n. 

S. Sasaki s. n. 

S. Y. Lu 18256 
S. Y. Lu 18664 

Y. H. Lai 83 

C. P. Lin s. n. 

C. H. Tsou 2134 
C. H. Tsou 2132 
C. H. Tsou 2137 
C. H. Tsou 2139 
M. H. Su 687 
M. H. Su 683 
M. Hasimoto 5. n. 

S. Sasaki s. n. 

S. Taniguchi s. n. 

S. Suzuki 3245 
S. Sasaki s. n. 

M. Hasimoto s. n. 

S. Sasaki s. n. 

M. T. Kao 6668 

B. J. Wang 15069 
S. Sasaki s. n. 

M. H. Su 575 
M. H. Su 269 
M. H. Su 270 
M. H. Su 497 
M. H. Su 498 
M. H. Su 646 
M. H. Su 645 
M. H. Su 544 
M. H. Su 545 
E. Matuda s. n. 

E. Matuda 

K. C. Yang et al. 4583 
K. C. Yang et al. 4527 

S. W. Chung 7090 

M. H. Su 659 
M. H. Su 661 
M. H. Su 660 
M. H. Su 655 
M. T. Kao 6612 
K. Mori 1901 
Tanimura s. n. 


Taiwan, Kaohsiung Co. 

Taiwan, Kaohsiung Co. 

Taiwan, Kaohsiung Co. 

Taiwan, Kaohsiung Co. 

Taiwan, Kaohsiung Co. Elv. 1150m. 
Taiwan, Kaohsiung Co. Elv. 1500m. 
Taiwan, Kaohsiung Co. Elv. 
750-800m. 

Taiwan, Kaohsiung Co. Elv. 650m. 
Taiwan, Nantou Co. Elv. 1200m. 
Taiwan, Nantou Co. Elv. 1200m. 
Taiwan, Nantou Co. Elv. 1200m. 
Taiwan, Nantou Co. Elv. 1200m. 
Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Nantou Co. 

Taiwan, Pingtung Co. Elv. 1400m. 
Taiwan, Pingtung Co. 

Taiwan, Pingtung Co. Elv. 1300m. 
Taiwan, Pingtung Co. Elv. 1200m. 
Taiwan, Pingtung Co. Elv. 1200m. 
Taiwan, Pingtung Co. Elv. 1100m. 
Taiwan, Pingtung Co. Elv. 1100m. 
Taiwan, Pingtung Co. Elv. 1100m. 
Taiwan, Pingtung Co. Elv. 1100m. 
Taiwan, Pingtung Co. 

Taiwan, Pingtung Co. 

Taiwan, Pingtung Co. Elv. 850m. 
Taiwan, Pingtung Co. Elv. 

750-1100m. 

Taiwan, Pingtung Co. Elv. 

800-1000m. 

Taiwan, Taitung Co. Elv. 1000m. 
Taiwan, Taitung Co. Elv. 1100m. 
Taiwan, Taitung Co. Elv. 1100m. 
Taiwan, Taitung Co. Elv. 1100m. 
Taiwan, Taoyuan Co. 

Taiwan, Yunlin Co. 

Unknown 
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chosen with respect to variation among taxa 
mentioned in literature and based on personal 
observations on specimens. Finally, a total of 35 
characters were scored, including 17 vegetative and 
18 floral characters (Table 2). For each specimen, 
five mature, healthy-look leaves were scored and 
averaged. The measurement on floral characters was 
averaged from one to three flowers, depending on the 
condition of the specimens. We also measured the 
angles between the midrib and one major lateral vein 


at two different positions (Fig. 2), because the usual 
curved lateral veins cannot be expressed by a single 
value (often measured at the base in most studies). 

Upon further examination, it was found that one 
vegetative and seven floral characters were constant 
(not informative) and should be eliminated from the 
following analyses. Finally, 27 (16 vegetative and 11 
floral) characters were selected. Since not all 
specimens were in the flowering stage, the data for 
the numerical analyses were divided into three 
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Table 2. List of morphological characters examined for 
multivariate analyses. The asterisk (*) denotes constant characters 
that are excluded from the data analysis. The angles measured 
between midrib and lateral vein are shown in Fig. 2. 


Character 

Data type 

Vegetative Characters 

Bud pubescence 

Multi-state 

Young branchlet pubescence 

Binary 

Leaf length 

Quantitative 

Leaf width 

Quantitative 

Leaf thickness (dry specimen) 

Quantitative 

Leaf shape 

Multi-state 

Leaf apex shape 

Multi-state 

Leaf base shape 

Multi-state 

Leaf serration density (count / 4 cm) 

Quantitative 

Leaf pubescence on adaxial surface* 

Binary 

Leaf pubescence on abaxial surface 

Binary 

Abaxial midrib pubescence 

Binary 

Pairs of lateral veins 

Quantitative 

Lateral vein angle at base (Fig. 2a) 

Quantitative 

Lateral vein angle at middle (Fig. 2b) 

Quantitative 

Petiole length 

Quantitative 

Petiole pubescence 

Binary 

Floral characters 

Pedicel length 

Quantitative 

Pedicel pubescence* 

Binary 

Petal number per flower 

Quantitative 

Petal length 

Quantitative 

Petal width 

Quantitative 

Petal pubescence* 

Multi-state 

Sepal number per flower* 

Quantitative 

Sepal length 

Quantitative 

Sepal width 

Quantitative 

Sepal pubescence 

Multi-state 

Filament length 

Quantitative 

Filament pubescence* 

Binary 

Style length 

Quantitative 

Style number per flower* 

Quantitative 

Style pubescence* 

Binary 

Stigma number* 

Quantitative 

Ovary pubescence 

Binary 

Flower number per cluster 

Quantitative 


Fig. 2. Scheme of a leaf showing 
the angles (a) formed between 
the midrib and a lateral vein, and 
(b) created by the midrib and the 
interception of the tangent to the 
middle portion of a lateral vein. 

Nonlinear principal component analysis 

To further explore the pattern of variation in 
measured characters and to find those characters 
which are decisive to distinguish taxa, a nonlinear 
principal components analysis (NLPCA, de Leeuw, 
1982) was undertaken. Similar to principal 
components analysis, NLPCA can be used for 
transforming attributes of a dataset into a new set of 
uncorrelated attributes (principal components), while 
still retaining as much of the variability of the dataset 
as possible. It can handle variables of different types 
(nominal, ordinal and numerical) simultaneously, and 
deal with nonlinear relationships between variables. 
NLPCA is performed by the program CATPCA 
implemented in the software SPSS vl3.0 (SPSS Inc.). 
In addition, Cronbach's Alpha (Cronbach, 1951) was 
calculated for each of the components extracted. If 
Alpha value of a specific component is high, it would 
be interpreted as indicating that the component has a 
strong one-dimensional structure, or, the dimension 
is reliable to account for the total variance. Generally, 
an Alpha value of 0.70 or greater is considered to be 
reliable (Bland and Altman, 1997). 



categories: (1) only vegetative characters (165 OTUs 
X 16 characters); (2) only floral characters (62 OTUs x 
11 characters); and (3) all characters (62 OTUs x 27 
characters). 

Cluster analysis 

Similarity matrices were generated using the 
coefficient proposed by Gower (1971). Gower's 
similarity coefficient (GSC) was designed to deal with 
mixed type of characters, and was thus widely used 
(Schultze-Motel and Meyer, 1981; Zaharof, 1988; 
Cheng, 1990; Ward, 1993; Gugerli, 1997; St-Laurent 
et al., 2000; Muvaffak et al., 2001; Binns et al., 2002; 
Bayly et al., 2003; Mckenzie et al., 2004). This 
similarity matrix was then used to perform a cluster 
analysis using the Unweighted Pair Grouping Method 
Based on Arithmetic Averages (UPGMA) (Sokal and 
Michener, 1958) with the software MVSP v3.01 
(Kovach Computing Service, 1999). 


RESULTS 

Vegetative characters 

The UPGMA phenogram based on vegetative 
characters showed two discrete clusters (Fig. 3), 
namely Group 1-1 (GSC = 0.62) and Group 1-2 (GSC 
= 0.67). Group 1-1 was composed entirely of C. 
sinensis f. formosensis from central and southern 
Taiwan. Within this cluster, there did not appear to be 
any regional patterns. Group 1-2, however, contained 
all the samples of C. sinensis var. sinensis and C. 
sinensis var. assamica, with C. sinensis f. 
formosensis from eastern Taiwan. Despite of that, 
samples of eastern C. sinensis f. formosensis formed 
a consistent subgroup (Group 1-2-1; GSC = 0.87) 
within Group 1-2. In contrast, all samples of C. 
sinensis var. sinensis and C. sinensis var. assamica 
overlapped extensively and together they formed a 
large subgroup (Group 1-2-2; GSC = 0.71). 
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Fig. 3. Phenogram of UPGMA cluster analysis based on vegetative 
characters. The coefficient was defined as the Gower's similarity 
coefficient. 

The results of NLPCA on the vegetative 
characters are presented in Table 3. The first three 
components accounted for 65.3 % of the total 
variance in the dataset. The first component alone 
accounted for 43.2% of the total variance and was far 
more important than other components. The first 
component with a Cronbach's alpha value of 0.91 was 
the only one considered to be reliable. The 
component loadings correspond to the correlation 
coefficients between characters and the derived 
components. Characters with high loadings were bud 
pubescence, young branchlet pubescence, abaxial 
midrib pubescence and petiole pubescence (over 0.9), 
followed by leaf length, leaf apex shape and pairs of 
lateral veins (over 0.7). The plot by the first two 
components (Fig. 4) shows a similar grouping with 
the cluster analysis. Flowever, the eastern samples of 
C. sinensis f. formosensis were placed onto the 
intermediate positions in NLPCA. It didn't group 
these eastern samples with C. sinensis var. sinensis 
and C. sinensis var. assamica absolutely. 


Table 3. Loadings of the 16 vegetative characters on the first three 
components from NLPCA. Eigenvalues, percentage of variance 
explained and cumulated, and Cronbach's Alpha are given for each 
component. 


Character 

Component 

1 2 

3 

Bud pubescence 

-0.93 

0.29 

-0.05 

Young branchlet pubescence 

0.91 

-0.32 

0.03 

Leaf length 

-0.77 

-0.55 

-0.09 

Leaf width 

-0.55 

-0.71 

0.17 

Leaf thickness 

0.13 

-0.10 

0.25 

Leaf shape 

-0.33 

0.10 

0.47 

Leaf apex shape 

-0.74 

-0.02 

-0.26 

Leaf base shape 

0.14 

-0.02 

0.60 

Leaf serration density 

0.34 

0.73 

0.03 

Leaf pubescence on abaxial surface 

0.67 

-0.23 

0.36 

Abaxial midrib pubescence 

0.90 

-0.32 

0.06 

Pairs of lateral veins 

-0.79 

-0.27 

0.13 

Lateral vein angle at base 

-0.39 

0.16 

0.64 

Lateral vein angle at middle 

-0.64 

0.13 

0.41 

Petiole length 

-0.50 

-0.35 

-0.18 

Petiole pubescence 

0.91 

-0.30 

0.04 

Eigenvalue 

6.90 

2.03 

1.51 

Variance explained (%) 

43.20 

12.70 

9.40 

Variance cumulative (%) 

43.20 

55.90 

65.30 

Cronbach's Alpha 

0.91 

0.54 

0.36 



Component 1 

Fig. 4. Ordination plot of NLPCA based on vegetative characters. 
+ : central and southern C. sinensis f. formosensis. ★: eastern C. 
sinensis f. formosensis. O: C. sinensis var. assamica. A: C. sinensis 
var. sinensis. 
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Floral characters 

Cluster analysis of OTUs based on floral 
characters revealed two main groups (i.e. Group II-1 
and Group II-2; Fig. 5), similar to the result obtained 
based on vegetative characters (Fig. 3). However, the 
members within each cluster were different. The 
OTUs of C. sinensis f. fonnosensis from eastern 
Taiwan, previously clustered within Group 1-2, are 
now located amongst Group II-1. Consequently, 
Group II-1 encompassed all samples of C. sinensis f. 
fonnosensis, while Group II-2 consisted of a mix of 
C. sinensis var. sinensis and C. sinensis var. 
assamica. A further subdivision of the two main 
groups into geographical or taxonomic subgroups 
could not be made. 

The results of NLPCA on floral characters are 
shown in Table 4. The first three principal 
components accounted for 39.1%, 13.2% and 10.8% 
of the total variance, respectively. Only the first 
principal component was meaningful (Cronbach's 
alpha = 0.84) for grouping samples discretely. 
Characters with high loadings on the first principal 
component were petal length, petal width and ovary 
pubescence (over 0.8), followed by sepal width and 
style length (over 0.7). C. sinensis f. fonnosensis also 
can be separated by a line on the plot of the first two 
components (Fig. 6), a result just the same with that 
of the cluster analysis. 


Table 4. Loadings of the 11 floral characters on the first three 
components from NLPCA. Eigenvalues, percentage of variance 
explained and cumulated, and Cronbach's Alpha are given for each 
component. 


Character 


Component 


i 

2 

3 

Pedicel length 

0.66 

0.23 

-0.34 

Petal number per flower 

0.39 

0.15 

0.61 

Petal length 

0.85 

-0.16 

0.02 

Petal width 

0.80 

-0.16 

0.19 

Sepal length 

0.58 

0.31 

-0.09 

Sepal width 

0.71 

0.50 

-0.05 

Sepal pubescence 

0.14 

-0.54 

0.65 

Filament length 

0.47 

-0.42 

-0.23 

Style length 

0.78 

-0.19 

-0.14 

Ovary pubescence 

0.80 

0.05 

0.19 

Flower number per cluster 

-0.15 

0.70 

0.39 

Eigenvalue 

4.30 

1.46 

1.19 

Variance explained (%) 

39.10 

13.20 

10.80 

Variance cumulative (%) 

39.10 

52.30 

63.10 

Cronbach's Alpha 

0.84 

0.35 

0.18 
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Fig. 5. Phenogram of UPGMA cluster analysis based on floral 
characters. The coefficient was defined as the Gower's similarity 
coefficient. 
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Fig. 6. Ordination plot of NLPCA based on floral characters. 
+ : C. sinensis f. formosensis. O' C. sinensis var. assamica. A: C. 
sinensis var. sinensis. 


All characters 

Cluster analysis of all the floral and vegetative 
characters produced a phenogram with two groups of 
OTUs (Group III-l and Group III-2, Fig. 7) that 
corresponded to the separation based on floral 
characters. OTUs of C. sinensis f. fonnosensis were 
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Fig. 7. Phenogram of UPGMA cluster analysis based on vegetative 
and floral characters. The coefficient was defined as the Gower's 
similarity coefficient. 

contained entirely within Group III-1, while C. 
sinensis var. sinensis and C. sinensis var. assamica 
were dispersed throughout Group III-2. 

The NLPCA character loadings, percentage, and 
variance explained and cumulated for the first three 
components are given in Table 5. The first component 
accounted for 36.8% of the total variance observed, 
and was highly interpretable (Cronbach's alpha = 
0.93). It had high contributing component loadings 
from bud pubescence, young branchlet pubescence, 
abaxial midrib pubescence, petiole pubescence and 
ovary pubescence (over 0.88), and leaf length, leaf 
apex shape, leaf pubescence on abaxial surface, pairs 
of lateral veins, petal length, petal width and sepal 
width (over 0.65). Figure 8 shows that the first 
principal component effectively separates C. sinensis 
f. formosensis from C. sinensis var. sinensis and C. 
sinensis var. assamica. The second component was 
just on the level of reliability (Cronbach's alpha = 
0.71), with negative loading on leaf width, and 
positive loading on leaf serration density. The results 
of this study also showed that characters with high 
component loadings based on all characters were in 
agreement with those only based on vegetative or 
floral characters. The plot of the first two components 
based on all characters (Fig. 8) shows a clearer 
separation of C. sinensis f. formosensis from the other 


Table 5. Loadings of the 27 vegatative and floral characters on the 
first three components from NLPCA. Eigenvalues, percentage of 
variance explained and cumulated, and Cronbach's Alpha are given 
for each component. 


Character 


Component 


i 

2 

3 

Bud pubescence 

-0.95 

0.19 

0.10 

Young branchlet pubescence 

0.89 

-0.21 

-0.15 

Leaf length 

-0.67 

-0.62 

-0.08 

Leaf width 

-0.46 

-0.81 

0.05 

Leaf thickness 

0.15 

-0.18 

-0.38 

Leaf shape 

-0.55 

-0.05 

-0.13 

Leaf apex shape 

-0.65 

-0.03 

-0.06 

Leaf base shape 

-0.26 

-0.16 

-0.20 

Leaf serration density 

0.26 

0.71 

0.11 

Leaf pubescence on abaxial surface 

0.73 

-0.40 

0.03 

Abaxial midrib pubescence 

0.89 

-0.21 

-0.15 

Pairs of lateral veins 

-0.70 

-0.49 

0.07 

Lateral vein angle at base 

-0.25 

-0.25 

0.69 

Lateral vein angle at middle 

-0.52 

-0.19 

0.63 

Petiole length 

-0.48 

-0.35 

-0.32 

Petiole pubescence 

0.89 

-0.21 

-0.15 

Pedicel length 

0.59 

-0.23 

0.30 

Petal number per flower 

0.27 

-0.52 

-0.02 

Petal length 

0.75 

0.00 

0.24 

Petal width 

0.71 

-0.09 

0.17 

Sepal length 

0.49 

-0.20 

0.25 

Sepal width 

0.66 

-0.29 

0.03 

Sepal pubescence 

-0.20 

-0.11 

0.49 

Filament length 

0.29 

-0.02 

0.51 

Style length 

0.63 

0.01 

0.24 

Ovary pubescence 

0.91 

-0.17 

-0.14 

Flower number per cluster 

-0.21 

-0.49 

-0.15 

Eigenvalue 

9.95 

3.11 

2.12 

Variance explained (%) 

36.80 

11.50 

7.90 

Variance cumulative (%) 

36.80 

48.30 

56.20 

Cronbach's Alpha 

0.93 

0.71 

0.55 


related taxa than only on vegetative or floral 
characters. It suggests that both vegetative and floral 
characters should be taken into consideration for 
distinguishing these taxa. 

DISCUSSION 

Morphological distinctiveness of C. sinensis f. 
formosensis 

The results of clustering analyses based on the 
floral (Fig. 5) and all characters (Fig. 7) showed 
almost a similar clustering pattern. In both 
phenograms all C. sinensis f. formosensis samples 
were grouped into a single cluster and clearly 
separated from C. sinensis var. sinensis and C. 
sinensis var. assamica. Although the phenogram 
based on vegetative characters alone showed an 
inconsistency position of C. sinensis f. formosensis 
from eastern Taiwan (Group 1-2, Fig. 3), the plot of 
the first two components based on vegetative 
characters indicated the eastern C. sinensis f. 
formosensis is intermediate morphologically rather 
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Fig. 8. Ordination plot of NLPCA based on vegetative and floral 
characters. +: C. sinensis f. formosensis.. Q\ C. sinensis var. 
assamica. A: C. sinensis var. sinensis. 


than closed to the other two taxa (Fig. 4). Taken 
together, the present study has shown that clear 
morphological differences existed between C. 
sinensis f. formosensis and two other closely related 
taxa, and it seems not proper to treat it as the same as 
C. sinensis var. sinensis as considered by Ming 
( 2000 ). 

The present results show that reproductive 
organs provide more informative characters for the 
classification of tea plant than do vegetative 
structures. This is in close agreement with that 
previously reported by Banerjee (1992a). In general, 
reproductive characters have been considered more 
useful than vegetative features in plant systematics 
(Stuessy, 1990). 

In both cluster analysis and NLPCA, the 
currently recognized varieties C. sinensis var. 
sinensis and C. sinensis var. assamica integrated 
considerably. Economic tea plants are heterogeneous 
with many overlapping morphological attributes. 
Most vegetative characters show a continuous 
variation and a high degree of plasticity, and hence, 
cannot be separated into discrete groups to identify 
various taxa (Banerjee, 1992a). For the improvement 
of tea quality, it did happen that artificial 
hybridizations on the two taxa in the history 


(Banerjee, 1992b). In this study, some materials of C. 
sinensis var. sinensis and C. sinensis var. assamica 
were collected from the wild in China or the 
germplasm banks, which were thought to be 
genetically independent. Other materials were 
sourced from tea gardens which might possibly be 
hybrids. These hybrids have intermediate 
characteristics that may confuse their identification. 
Flowever, the individuals of C. sinensis f. 
formosensis formed a clearly defined group, and were 
never embedded in the group of C. sinensis var. 
sinensis and C. sinensis var. assamica. 

Flu (2004) used 15 leaf characters measured on 
132 tea germplasms to evaluate inter-taxa variation 
among C. sinensis var. sinensis, C. sinensis var. 
assamica and C. sinensis f. formosensis. In the 
scatterplot of PCA (Flu, 2004, Fig. 4), all individuals 
of the three taxa showed two distinct groups. 
Individuals from C. sinensis f. formosensis were 
dispersed throughout both groups. This is 
incongruent with present study. Two reasons may 
explain these inconsistent results. First, characters 
considered as diagnostic in the present study such as 
bud pubescence, young branchlet pubescence, 
abaxial midrib pubescence and petiole pubescence 
were not used by Flu. Only 7 out of the 15 characters 
(Flu, 2004, Table 10) adopted by Flu were used in the 
present study, but these characters were not 
significantly different among taxa in both studies. 
Second, Flu transformed nominal characters to 
ordinal variables for PCA analysis, and this would 
produce results different from those derived from 
NLPCA with the same characters. A comparison 
between PCA and NLPCA showed that the NLPCA 
would gain more loadings and led to a better 
performance than PCA (Ellis et al., 2006). 


Taxonomic rank of C. sinensis f. formosensis 
As mentioned before, there has been controversial 
regarding the appropriate taxonomic rank of C. 
sinensis f. formosensis. Current study showed that C. 
sinensis f. formosensis could be clearly discerned 
from C. sinensis var. sinensis and C. sinensis var. 
assamica in both cluster analysis and NLPCA. In 
contrast, extensive overlap was found between C. 
sinensis var. sinensis and C. sinensis var. assamica, 
even though these two varieties have long been 
recognized as distinct species (Chang, 1984) or 
infraspecies (Kitamura, 1950; Sealy, 1958; Ming, 
2000). Therefore, it is quite probable that C. sinensis 
f. formosensis might deserve the species rank. 
Further work, perhaps including molecular 
approaches, may be necessary to resolve these 
taxonomic questions. 
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Morphological identification of C. sinensis f. 
formosensis 

Based on the results of morphological study and 
NLPCA, several characters were found useful to 
distinguish among these tea plants (Table 6). The 
surface features of buds and ovaries with the highest 
component loadings clearly separated C. sinensis f. 
formosensis from C. sinensis var. sinensis and C. 
sinensis var. assamica by the first principal 
component. The buds of C. sinensis var. sinensis and 
C. sinensis var. assamica are densely covered with 
silver-yellowish hairs, whereas those of C. sinensis f. 
formosensis are glabrous or partly covered with 
sparse hairs. The surface features of buds have been 
previously used to identify C. sinensis f. formosensis 
by Suzuki (1937) and Kitamura (1950). The surface 
of ovaries was also a reliable and stable character. 
Ovaries of C. sinensis f. formosensis are glabrous 
while those of C. sinensis var. sinensis and C. 
sinensis var. assamica are pubescent. The importance 
of reproductive characters in the taxonomy of 
Camellia has been previously reported (Hsieh et al., 
1996). 

Based on herbarium specimens, the flowering 
time of C. sinensis f. formosensis extends from 
September to January. After that period identification 
can only be based on vegetative characters. In most 
cases, young branches, abaxial midribs and petioles 
of C. sinensis f. formosensis are glabrous, while those 
of C. sinensis var. sinensis and C. sinensis var. 
assamica are hairy. There are, however, some 
inconsistencies that do not fit with the above 
delineation. The samples of C. sinensis f. formosensis 
from eastern Taiwan share some characteristics with 
C. sinensis var. sinensis and C. sinensis var. assamica 
such as sparsely hairy young branches, abaxial 
midribs and petioles. 

Other characters with higher component 
loadings included leaf pubescence on abaxial surface, 
pairs of lateral veins and petal size. However, 
variation of these characters was continuous with 


some degree of overlap across taxa and was not 
considered to be the most taxonomically 
discriminating. The angles between midrib and 
lateral veins have been considered by local technical 
personals to be useful characters for distinguishing. 
They feel the angles were usually wider in C. sinensis 
f. formosensis. However, component loadings of 
these characters were low, indicating that the use of 
these characters to discriminate among taxa is not 
reliable. 

Phytogeography of C. sinensis f. formosensis 

The remarkable floristic similarity between 
Taiwan and southeastern China has long been 
recognized (Li, 1957; Hsieh, 2003). Migrations 
between Taiwan and mainland China were facilitated 
by the presence of the Taiwan Strait land bridge that 
had connected Taiwan and mainland China several 
times during the glacial ages. The close 
morphological affinity between C. sinensis f. 
formosensis and C. sinensis implied that this forma 
may originated in mainland China. 

There was a marked difference in distribution 
patterns between the western and eastern populations 
of C. sinensis f. formosensis (Fig. 1). C. sinensis f. 
formosensis is distributed almost continuously 
throughout the western side of Taiwan, while there is 
only one population on the southeastern flank of the 
Central Mountain Range. The eastern population was 
likely the result of post-glacial range expansion of the 
populations in western Taiwan. The little separation 
between the western and eastern populations of C. 
sinensis f. formosensis in vegetation characters 
indicated that the vegetative characters of this plant 
displayed a stronger response to environmental 
variables than did floral characters. Future research 
should explore different approaches, including the 
use of different molecular markers, to establish the 
post-glacial migration patterns of the Taiwan wild tea 
plant and determine its origin. 


Table 6. Useful characters to distinguish C. sinensis f. formosensis from C. sinensis var. sinensis and C. sinensis var. assamica. An asterisk (*) 
denotes characters that are (nearly) decisive. 


Character 

C. sinensis f. formosensis 

C. sinensis var. sinensis and C. sinensis var. 
assamica 

Bud pubescence* 

glabrous or sparsely covered with hairs at margins 

densely covered with silver-yellowish hairs 

Young branchlet pubescence 

glabrous except for eastern populations 

nearly all hairy 

Abaxial midrib pubescence 

glabrous except for eastern populations 

nearly all hairy 

Petiole pubescence 

glabrous except for eastern populations 

nearly all hairy 

Leaf pubescence on abaxial surface 

glabrous 

mostly hairy 

Pairs of lateral veins 

8-14, mostly > 10 

5-12, mostly < 10 

Ovary pubescence * 

glabrous 

pubescent 

Petal length 

0.7-1.3 cm 

1.1-2.1 cm 

Petal width 

0.6-1.1 cm 

0.7-2.0 cm 
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